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The development of compounds with a better antibacterial activity is highly needed. One way to achieve this is 
by modifying the structure of the compound using chitosan as a starting material, because of its abundant natural 
source in Indonesia, its biodegradable properties, and its structure where free amines are present. This study aims 
to obtain  Mn(II) -Carboxymethyl Chitosan Schiff Base-Salicylaldehyde complex to increase its antibacterial 
activity against Staphylococcus aureus (Gram positive) and Escherichia coli (Gram negative). Schiff Base 
carboxymethyl chitosan-salicylaldehyde was synthesized from carboxymethyl chitosan with salicylaldehyde. 
Next, the Schiff Base Carboxymethyl Chitosan-Salicylaldehyde was complexed with MnCl2.4H2O and then 
characterized by FTIR, UV-Vis Spectrophotometer, and AAS and tested for antibacterial activity with the disc 
diffusion method against Staphylococcus aureus and Escherichia coli. The product of Carboxymethyl Chitosan 
Schiff Base-salicylaldehyde is a brownish yellow solid with a yield of 64% (w/w) and has antibacterial activity 
against Staphylococcus aureus (clear zone diameter 11 mm) and Escherichia coli (clear zone diameter 13 mm). 
The product of Mn(II) Complexes-Carboxymethyl Chitosan Schiff Base-salicylaldehyde is a black solid with a 
yield of 59% (w/w) and has antibacterial activity against Staphylococcus aureus (clear zone diameter 13 mm) 
and Escherichia coli (clear zone diameter 17 mm). 
 






One attempt to overcome health 
problems caused by bacteria is the 
development of antibacterial compounds with 
a better antibacterial activity. One of the 
compounds that can be used as antibacterial is 
chitosan, which is a modification of chitin that 
is abundant in nature (Shanmugam et al., 
2016), and is the largest structural component 
of crustacean skin found in shrimps and crabs, 
also found on walls of fungal cells (Kurozumi 
et al., 2019). Chitosan is also biocompatible, 
biodegradable, non-toxic, non-immunogenic 
and non-carcinogenic; therefore, chitosan has 
prospective applications in various fields such 
as biomedicine and wastewater treatment (Al-
Issa et al., 2017). Chitosan is a cationic 
polymer, so it can interact with phospholipids 
from the negatively charged Gram negative 
bacterial cell walls (Yin et al., 2012). As a 
result, chitosan has better antibacterial activity 
against Gram negative bacteria than Gram 
positive because the cell walls of Gram 
positive bacteria do not contain phospholipids 
(Fouda et al., 2013). 
Chitosan has low solubility in water, 
which limits its overall usefulness 
(Darmokoesoemo et al., 2018). To overcome 
these limitations, chemical modification of 
chitosan is carried out, one example is 
carboxymethyl chitosan (Rahmani et al., 
2016). Carboxymethyl chitosan is formed from 
the carboxymethylation reaction with 
monochloroacetic acid. Carboxymethyl 
chitosan has a higher water solubility than 
chitosan, so it is expected to have better 
antibacterial activity than chitosan, where the -
COOH group on carboxymethyl chitosan can 
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form a hydrogen bond with the hydrophilic 
part of the bacterial cell membrane (Fei Liu et 
al., 2001). In addition, chitosan has a primary 
imine group so that it can be modified to 
become a Schiff bases. Schiff bases are 
compounds that have an imine functional 
group (>C=N-) (Tamer et al., 2016), where the 
group has a lone pair on N which can form 
hydrogen bonds with the hydrophilic part of 
the bacterial membrane (Nworie et al., 2016). 
Schiff bases have lone pairs that can be 
donated to a central atom in the formation of 
complexes with metal Mn. Mn metal has 
biocompatible properties, where small amounts 
of Mn plays a role in biochemical reactions in 
the body, therefore Mn metal can be applied in 
the biomedical world (Ali & Iqbal, 2017). 
Metal atoms easily lose electrons and form 
positively charged ions which are easily 
dissolved in biological fluids. The formation of 
positive ions makes it easier to interact with 
electron-rich biomolecules such as DNA. On 
the other hand, metal-ligand combinations 
make it possible to design new entities with 
various physical properties and chemical 
reactivity, which includes charge, solubility, 
rate of ligand exchange, strength of metal-
ligand bonds, Lewis acidity, and ligand 
conformation. Therefore, compared to organic 
pharmaceuticals, the structural and electronic 
properties of complex compounds are of great 
interest in medicinal chemistry developments, 
especially as antimicrobial agents with new 
methods of action to treat diseases that are 
already drug resistant (Claudel et al., 2020). 
Previous research has been carried out 
on the synthesis of Schiff base carboxymethyl 
chitosan-salicylaldehyde and its antibacterial 
activity test by Abdel-Monem et al., (2020). 
Research on the formation of the Mn(II)-base 
Schiff carboxymethyl chitosan-salicylaldehyde 
complex as a result of the reaction between the 
Schiff carboxymethyl chitosan-salicylaldehyde 
base with MnCl2.4H2O has never been 
reported. It is expected that the Mn(II)-Schiff 
base carboxymethyl chitosan-salicylaldehyde 
complex has a better antibacterial activity than 
chitosan and other chitosan derivatives. 
 
2. MATERIALS AND METHODS 
Tools and Materials  
The tools used in this study were a 
research standard glass instrument, a 
Ubbelohde viscometer, a reflux device, an 
analytical balance, Laminar Air Flow, a 
Memmert IN55 incubator, an orbital shaker, 
autoclave, 10-100 μL micro pipette, ose 
needle, petri dish, spreader, tweezers, Hitachi 
UH5300 UV-Vis (Ultraviolet-Visible) 
spectrophotometer, Shimadzu Prestige 21 
Fourier Transform Infrared (FTIR) 
spectrophotometer, and Perkin-elmer Analyzer 
100 Atomic Absorption Spectrophotometer 
(AAS). 
The materials used in this study were 
salicylaldehyde p.a (Merck), chitosan 
(Chimultiguna), monochloroacetic acid 
(Merck), isopropanol (Brataco), glacial acetic 
acid p.a (Merck), NaOH (Merck), MnCl2 4H2O 
(Merck), ethanol p.a. (Merck), distilled water, 
nutrient agar (Merck), peptone (Merck), yeast 
extract (Merck), Whatman filter paper No. 42, 




This research begins with the 
identification of commercial chitosan used, 
followed by the synthesis of carboxymethyl 
chitosan by reacting chitosan with 
monochloroacetic acid, then the analysis by 
FTIR and test for antibacterial activity. Next, 
the synthesis of the Schiff carboxymethyl 
chitosan-salicylaldehyde base and the Schiff 
carboxymethyl chitosan-benzaldehyde base 
was carried out, followed by analysis with UV-
Vis, FTIR spectrophotometry and antibacterial 
tests. After that, the Schiff base carboxymethyl 
chitosan-salicylaldehyde was complexed with 
MnCl2.4H2O and the product was analyzed by 
spectrophotometry UV-Vision, FTIR and AAS 
and tested for its antibacterial activity. 
 
Identification of Chitosan Used for 
Synthesis 
Determination of the Degree of 
Deacetylation 
Chitosan, which will be used for 
synthesis was analyzed by infrared 
spectrophotometry. Using the infrared spectra, 
the degree of deacetylation (DD%) can be 
calculated with the base line method, by 
comparing the absorbance in the wavenumber 
of the N-acetyl group (1650-1500) cm
-1
 (A1655) 
with the absorbance at the NH2 group wave 
number (3500-3200) cm
-1
 (A3450). From the 
FTIR spectra of chitosan, the degree of 
deacetylation was determined using the base 
line method. 







Figure 1. IR spectra for the determination of the degree of deacetylation using the base line method from the 
graph above, the degree of deacetylation is determined by the formula %DD = 100 – [(
     
     
) x 
   
    




Where % DD is the degree of deacetylation, 
A1652 is the carbonyl absorption of the amide, 
A3401 is the hydroxyl absorption used as the 
internal standard and the value of 1.33 is the 
ratio of A1655 and A3401 in the complete 
deacetylation process. 
 
 Molecular Weight Determination 
The determination of the molecular 
weight was carried out by the viscometrical 
method. 1 g of chitosan is dissolved in a 
mixture of acetic acid and NaCl solution in a 
ratio of 3:1. The concentration of chitosan 
solution was varied to 0.1%; 0.2%; 0.3% and 
0.4% and 0.5%. After that, the flow time was 
measured with the Ubelohde Viscometer. 
Then, the determination of the molecular 
weight was carried out using the Marck-
Houwink equation. 
 
Synthesis of Carboxymethyl Chitosan  
(Darmokoesoemo et al., 2018) 
Three mole variations of 
monochloroacetic acid 3.25; 4.23; and 9.10 
mmol in different three-neck flask was 
dissolved with 2 mL of isopropanol, then the 
solution is added slowly into 1 g of chitosan 
(6.12 mmol) which has been dissolved with 40 
mL of 2% (v/v) acetic acid and 1.35 g of 
NaOH was added. The solution mixture was 
stirred and heated at 50 °C for 4 hours. The 
product is precipitated with ethanol. The 
precipitate obtained was filtered with a 
Buechner funnel and washed with distilled 
water and 70% ethanol, then dried at a 
temperature of 50-80 °C. Each carboxymethyl 
chitosan was analyzed by FTIR 
spectrophotometry and tested for its 
antibacterial properties. 
 
Synthesis of Schiff Base Carboxymethyl 
Chitosan-Salicylaldehyde (Darmokoesoemo 
et al., 2018) 
Schiff's base was synthesized by 
reacting 1 g of carboxymethyl chitosan (CMC) 
the result was then dissolved in 20 mL of 2% 
acetic acid with 0.00137 mol of 
salicylaldehyde or 0.00147 mol of 
benzaldehyde (benzaldehyde was used as a 
comparison to determine the effect of 
substituents in benzene on antibacterial 
activity) in ethanol (1:1). Then the mixture was 
refluxed at 50-60 °C for 5 hours, then 
precipitated using 5% NaOH. The precipitate 
is filtered over a Buechner funnel and washed 
with distilled water and ethanol and dried 
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using an oven at 50 °C. The product was 
characterized by UV-Vis spectrophotometry 
(2% acetic acid solvent), FTIR 
spectrophotometry and tested for its 
antibacterial activity. 
 
Synthesis of the Complex of Mn(II) - Schiff 
Base Carboxymethyl Chitosan-
Salicylaldehyde (Barbosa et al., 2017) 
The Schiff base complex was obtained 
by reacting 0.2 g Schiff base carboxymethyl 
chitosan-salicylaldehyde and the synthesized 
result was then dissolved in 20 mL 2% acetic 
acid and 0.27 g (0.00136 mol) MnCl2.4H2O in 
20 mL ethanol solvent which was added 
slowly into an alkaline Schiff carboxymethyl 
chitosan-salicylaldehyde solution. The mol 
ratio of Schiff base carboxymethyl chitosan-
salicylaldehyde with MnCl2.4H2O is 1:1. The 
mixture was stirred and heated for 6 hours at 
60°C. The resulting product was precipitated 
using 5% NaOH then the precipitate was 
filtered. The residue was then washed with 
distilled water and ethanol and then oven dried. 
The reaction product was characterized by UV-
Vis spectrophotometry (2% acetic acid 
solvent), FTIR, AAS spectrophotometry and 
tested for their antibacterial activity. 
 
Antibacterial Activity Test 
As much as 1 g of nutrient agar is 
dissolved in 50 mL of distilled water 
containing 0.025 g of yeast extract and 0.125 g 
of peptone. The mixture was stirred and then 
sterilized using an autoclave for 45 minutes 
together with a needle and a test tube. Bacteria 
implantation is carried out in Laminar Air 
Flow. The agar medium was inserted into the 
test tube and placed at a slope of ± 30°. 
Colonies of Staphylococcus aureus and 
Escherichia coli bacteria were planted into the 
media so that it tilted in the test tube by 
scratching with a loop needle. The results of 
planting the bacteria were incubated for 24 
hours. 
 
Making Bacterial Inoculum 
A total of 0.05 g of yeast extract and 
0.25 g of peptone were dissolved in 100 mL of 
distilled water. The mixture was stirred and put 
into three erlenmeyers then sterilized using an 
autoclave for 45 minutes with a loop needle. 
Bacterial stocks that have been incubated for 
24 hours were suspended in the nutrient broth 
media. The bacterial suspension was incubated 
for 2 hours in a shaker incubator and the 
absorbance measurement was carried out every 
2 hours at a wavelength of 600 nm to obtain 
the same bacterial suspension turbidity with 
the standard solution turbidity of 0.5 
McFarland scale. 
 
Test Compound Solution Preparation 
The test solution was prepared by 
dissolving 1 mg of three samples of 
carboxymethyl chitosan, chitosan, Schiff base 
carboxymethyl chitosan-benzaldehyde, Schiff 
base carboxymethyl chitosan-salicylaldehyde 
and Mn(II)-Schiff base carboxymethyl 
chitosan-salicylaldehyde complex in 10 mL of  
2% acetic acid solution to make the 
concentration 100 μg / ml. Acetic acid 2% was 
used as a negative control and amoxicillin was 
used as a positive control. 
 
Making the Media for The Test 
 A total of 0.05 g of yeast extract and 
0.25 g of peptone and 2 g of nutrient agar are 
dissolved in 100 mL of distilled water. The 
mixture was stirred until homogeneous, then 
sterilized using an autoclave for 45 minutes 
along with a petri dish. Then 20 mL of nutrient 
media was poured into the petri dish and then 
left to allow the nutrient media to solidify. 
 
Antibacterial Activity Test 
 The bacterial suspension that had met 
the turbidity of the standard solution with a 
concentration of 0.5 McFarland was inoculated 
onto 40 μL of solid agar media. A total of 10 
μL of the test solution was dropped on to disc 
paper until the test solution was completely 
diffused. The disc paper was then placed on 
the surface of the nutrient media so that it was 
used as a test medium for further incubation of 
24 hours, and observations were made at 8, 12, 
and 18 hours. In this study, amoxicillin 
solution was used as a positive control and 
acetic acid solution was used as a negative 
control. The visible zone is measured in 
diameter in millimeters. 
 
3. RESULT AND DISCUSSION  
Identification of Chitosan to be Used in the 
Synthesis  
Determination of the Degree of 
Deacetylation  
  The degree of deacetylation of 
chitosan was determined based on FTIR 
spectral data using the base line method. From 
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the calculation, it was found that the 
deacetylation degree of chitosan used in this 
synthesis process was 76.95%, which means 
that 76.95% of the amide groups have been 
successfully hydrolyzed into free -NH2 groups. 
 
Molecular Weight Determination  
In determining the molecular weight of 
chitosan, the graph equation is y = 34143x + 
122.02 with a R
2 
value of 0.9977. From this 
equation, it can be obtained that the intrinsic 
viscosity value is 122.02, so that according to 
the Mark-Houwink equation, the molecular 
weight of chitosan is 153846.348 Daltons. 
From these results it can be said that the 
chitosan used is a polymer with n = 949. 
 
Synthesis of Carboxymethyl Chitosan  
Carboxymethyl chitosan results from 
the reaction of monochloroacetic acid, with 3 
variations of monochloroacetic acid 3.25; 4.23; 
and 9.10 mmol, produced 6.12 mmol chitosan 
in the form of a brownish yellow solid. Each 
carboxymethyl chitosan obtained was analyzed 
using FTIR spectrophotometry and tested for 
its antibacterial activity. The infrared spectrum 
of chitosan and three carboxymethyl chitosan 
products with monochloroacetic acid mol 
variations is shown in Figure 2. Chitosan 
shows the absorption of the carbonyl group 
(>C=O) acetyl at the wave number 1652 cm
-1
, 
while the carboxymethyl chitosan with 3 (mol) 
variations of monochloroacetic acid shows a 
shift in absorption to a higher wave number, 
with the wavenumber of 1660.00; 1669.00; and 
1665.00 cm
-1
 which shows the presence of 
carbonyl uptake (>C=O) of carboxylates. This 
indicates that the carboxymethyl chitosan has 
been formed, which is indicated by the 
appearance of uptake (>C=O) of the 
carboxylate. 
From the FTIR spectra, the degree of 
substitution was determined using the baseline 
method. The substitution degree of 
carboxymethyl chitosan was obtained resulting 
the mol variation of monochloroacetic acid 
3.25; 4.23; and 9.10 mmol at 38.7%; 41.7% 
and 51.6%. This indicates that the more moles 
of monochloroacetic used, the more acetate 
groups that enter the chitosan framework. 
However, if too much monochloroacetic is 
used the chitosan framework becomes 
saturated due to steric hindrances. For this 
reason, the further substitution process is 
limited. The yield of the product obtained in 
the variation of monochloroacetic acid mol 
was 3.25; 4.23; and 9.10 mmol 43% each; 
44%; and 37% (w/w). 
 
Note =  
a :  chitosan,  
b : CMC 1 (carboxymethyl chitosan with 3.25 mol monochloroacetic acid),  
c :  CMC 2 (carboxymethyl chitosan with 4.23 mol monochloroacetic acid)  
d : CMC 3 (carboxymethyl chitosan with 9.10 mol monochloroacetic acid) 
 
Figure 2. IR spectra of chitosan and carboxymethyl chitosan with three variations of moles 
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 Synthesis of Aromatic Carboxymethyl 
Chitosan-Aldehyde Schiff Base  
The synthesis of the Schiff base 
carboxymethyl chitosan-benzaldehyde and the 
Schiff base carboxymethyl chitosan-
salicylaldehyde produced a brownish yellow 
solid with a yield of 54% and 64% (w/w). 
Synthesis of Schiff base carboxymethyl 
chitosan-benzaldehyde was carried out to 
determine the effect of the hydroxyl substituent 
on salicylaldehyde on the antibacterial activity 
of Schiff base. The Schiff base product was 
analyzed by UV-Vis spectrophotometry and 
compared the spectra with carboxymethyl 
chitosan. From the UV-Vis spectra, a widened 
peak was found which was possibly caused by 
the result of the overlapping of several peaks, 
due to that deconvolution was carried out to 
determine the overlapping peaks of each 
product. The peak of the deconvolution result 
is shown in Table 1. 
 




I II III 
carboxymethyl chitosan 234 250 280 
Schiff base carboxymethyl 
chitosan-benzaldehyde 
236 266 352 
Schiff base carboxymethyl 
chitosan-salicylaldehyde 
230 270 386 
 
 
The deconvolution of carboxymethyl 
chitosan produced 3 peaks. Firstly, in the 234 
nm area ( = 236.92 L/cm.mol) which is the n 
→ σ * transition of the unconjugated 
chromophore group on chitosan. Next is in 250 
nm which is a transition π → π * ( = 206.59 
L/cm.mol) carboxylic groups (COOH) and 
finally 280 nm ( = 188.79 L/cm.mol) which 
are transitions of n → π * carboxylate groups 
(-COOH) (Figure 3a). 
Deconvolution of the Schiff base 
carboxymethyl chitosan-benzaldehyde 
produces 3 peaks, at a wavelength of 236 nm 
( = 305.23 L/cm.mol) which is an n → σ * 
transition from the unconjugated chromophore 
group on chitosan, 266 nm ( = 233, 85 
L/cm.mol) which is a transition π → π * an 
imine group (>C=N-) which is conjugated with 
a double bond on the benzene group and 352 
nm ( = 100.57 L/cm.mol) which is an n 
transition → π * the imine group (>C=N-) 
conjugated with a double bond to the benzene 









Figure 3. UV-Vis spectra deconvolution (a) 
carboxymethyl chitosan, (b) schiff base 
carboxymethyl chitosan-benzaldehyde, (c) schiff 
base carboxymethyl chitosan-salicylaldehyde. (peak 
I: peak at 236 nm which is the transition n → σ *, 
peak II: peak at 266 nm which is the transition π → 
π * (> C = N-), peak III: peak at 352 nm which is 
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 Deconvolution of Schiff 
carboxymethyl chitosan-salicylaldehyde 
produces 3 peaks, namely at a wavelength of 
230 nm ( = 321.04 L / cm.mol) which is an n 
→ σ * transition from the unconjugated 
chromophore group on chitosan, 270 nm which 
is a transition π → π * ( = 246.93 L/cm.mol) 
the imine group (>C=N-) and the hydroxy 
group (OH) substituted benzene ring 
conjugation and 386 nm which is the transition 
n → π * ( = 76.38 L/cm.mol) imine groups 
(>C=N) and conjugated ring-substituted 
benzene (OH) groups (Figure 3c) (Ermis, 
2018). There is a shift in wavelengths in bands 
II and III from the Schiff carboxymethyl 
chitosan-benzaldehyde base with the Schiff 
carboxymethyl chitosan-salicylaldehyde base 
due to the presence of hydroxyl substituents in 
salicylaldehyde resulting in a bathochromic 
shift (Tan et al., 2017). 
 
 
Figure 4. Infrared spectra of carboxymethyl 
chitosan, Schiff base carboxymethyl chitosan-
benzaldehyde and carboxymethyl chitosan-
salicylaldehyde (a:carboxymethyl chitosan, b:Schiff 
base carboxymethyl chitosan-benzaldehyde, 




Further characterization using infrared 
spectrophotometry was carried out to 
determine the formation of groups (>C=N-) on 
the Schiff base. The infrared spectrum of 
carboxymethyl chitosan showed the presence 
of group absorption (>C=O) at the wave 
number 1660 cm
-1
, while in the Schiff base 
carboxymethyl chitosan-benzaldehyde and 
Schiff base carboxymethyl chitosan-
salicylaldehyde showed a shift in absorption 
towards a smaller wave number, which are 
1636, 5 cm
-1
 and 1644.5 cm
-1
. The presence of 
this shift indicates that the Schiff base has been 
formed (Barbosa et al., 2017). The infrared 
spectra of carboxymethyl chitosan and Schiff's 
base are shown in Figure 4. 
 
Complex Synthesis of Mn(II) -Base Schiff 
Carboxymethyl Chitosan-Salicylaldehyde 
The synthesis of Mn(II)-Schiff base 
carboxymethyl chitosan–salicylaldehyde 
complex was obtained by reacting the Schiff 
base carboxymethyl chitosan–salicylaldehyde 
with MnCl2.4H2O. Complexes of Mn(II)-base 
Schiff carboxymethyl chitosan-salicylaldehyde 
in the form of a brownish black solid with a 
yield of 59% (w/w). 
 
     
Figure 5.  Schiff base products carboxymethyl 
chitosan-salicylaldehyde (a) and  Mn(II)-Schiff 




The Schiff base complex can be 
formed because of the coordination bond that 
occurs between the C=N group and the OH 
group on the Schiff base carboxymethyl 
chitosan – salicylaldehyde with Mn metal 
(Iftikhar, 2018). The lone pair present on the N 
atom of the C=N group and the O atom in the 
OH group causes the Schiff base to act as a 
ligand by donating its lone pair to the Mn ion 
which acts as the central metal ion (Malekshah 















Figure 7. UV-Vis spectra deconvolution of Mn(II) 
-Schiff base carboxymethyl chitosan-
salicylaldehyde complex. (Peak I: peak at 236 nm 
which is the transition n → σ *, Peak II: peak at 266 
nm which is the transition π → π * (> C = N-), Peak 
III: peak at 352 nm which is the transition n → π * 
imine group (> C = N-), Peak IV: peak at 422 nm 
which is a transition in the Mn complex formed)  
 
 
According to Martak (2018), 
MnCl2.4H2O has a maximum wavelength of 
286 nm. The formation of the complex causes 
the formation of peaks in the UV-Vis spectra at 
a larger wavelength (bathochromic) of 422 nm 
( = 163.51 L / cm.mol), indicating that the 
complex has been formed (Keypour et al., 
2017). The deconvolution of the UV-Vis 
spectra of the Mn(II) - Schiff base 
carboxymethyl chitosan-salicylaldehyde 
complex is shown in Figure 7. 
Further characterization was carried 
out using an infrared spectrophotometer to 
confirm the formation of the complex Mn(II)-
Schiff base carboxymethyl chitosan-
salicylaldehyde complex. Analysis with an 
infrared spectrophotometer gives the spectra 
shown in Figure 8.  
The infrared spectrum of the Mn(II) 
complex, Mn(II) Schiff base carboxymethyl 
chitosan-salicylaldehyde, shows a shift in the 
absorption of the imine group (>C=N−) 
towards a lower wavenumber, 1571.94 cm-1, 
which indicates the coordination of the Schiff 
base with the central metal ion. The typical 
peak of complex compounds is seen in the 
fingerprint area, which shows the absorptions 
at the wavenumber of 442 cm
-1
 and 576 cm
-1
 as 
Mn-O and Mn-N groups (Kanmani et al., 
2016). Mn-O and Mn-N absorption has a low 
intensity, this is because both are coordinating 
covalent bonds, where the bond strength is 
weaker than polar covalent bonds 
(Sastrohamidjojo, 2001). In addition, the 
absorption of the two groups is in the 
fingerprint area, so to find out more about the 
presence of Mn in the sample characterization 


































Figure 8. IR spectra of Mn(II)-Schiff base 
carboxymethyl chitosan-salicylaldehyde complex ( 
a:Schiff base carboxymethyl chitosan–
salicylaldehyde and b:Mn(II) Schiff base 
carboxymethyl chitosan-salicylaldehyde complex) 
 
 
Furthermore, to determine the level of 
Mn in the sample, characterization was carried 
out using AAS. Stoichiometrically, the Mn 
content in the sample was 13.69% and from 
the results of characterization using AAS, the 
Mn content in the sample was 12.74%. 
 
Antibacterial Activity Test 
The clear zone diameter in this 
antibacterial activity test was measured at an 
incubation time of 12 hours. The results of the 
antibacterial activity test of carboxymethyl 
chitosan (CMC) with the best antibacterial 
activity can be seen in Table 2 (first 
experiment).  
In general, the results of the 
antibacterial activity test of chitosan and 
carboxymethyl chitosan produced a larger 
clear zone against Gram negative bacteria 
(Escherichia coli) than Gram positive bacteria 
(Staphylococcus aureus). These data indicate 
that, in general, samples have a higher 
sensitivity to Escherichia coli bacteria than 
Staphylococcus aureus bacteria. The different 
sensitivity of carboxymethyl chitosan to 
Escherichia coli and Staphylococcus aureus is 
due to differences in the cell membrane 
structure of each bacteria (Fouda et al., 2013). 
The difference in the cell membrane structure 
of Escherichia coli and Staphylococcus aureus 
can be seen from the components of the outer 
membrane and the layer of the cell walls. The 
cell wall of Staphylococcus aureus bacteria is 
composed of several layers of peptidoglycan to 
form a thick and rigid structure that makes 
these bacterial cells difficult to penetrate 
(Silhavy et al., 2010). 
 
Table 2.  The results of the antibacterial activity test results for CMC, BS CMC 1-aromatic aldehyde and Mn(II)-





Clear zone (mm) 
Staphylococcus aureus Escherichia coli 
Test Test 
I II III I II III 
1 Chitosan 100 12 10 - 13 11 - 
2 CMC 1 100 14 11 11 15 13 13 
3 CMC 2 100 12 - - 13 - - 
4 CMC 3 100 8 - - 7 - - 
5 BS CMC 1-benzaldehyde 100 - 11 11 - 13 14 
6 BS  CMC 1-salicylaldehyde 100 - 15 12 - 16 14 
7 
Mn(II)-BS CMC 1-salicylaldehyde 
complex 
100 
- - 13 - - 17 
8 Amoxicillin (+) 30 20 15 13 23 24 18 
9 Acetate acid (-) 2000 11 8 7 12 10 8 
Note:  
The results of the antibacterial activity test were observed with an incubation time of 12 hours. 
CMC 1, (carboxymethyl chitosan, monochloroacetic acid (3.25 mmol) 
CMC 2, (carboxymethyl chitosan, monochloroacetic acid (4.23 mmol) 
CMC 3, (carboxymethyl chitosan, monochloroacetic acid (4.91 mmol) 
BS CMC 1-benzaldehyde = Schiff base carboxymethyl chitosan-benzaldehyde 
BS CMC 1-salicilaldehyde = Schiff base carboxymethyl chitosan-salicylaldeide. 
Mn(II)-BS CMC 1-salicylaldehyde complex = Mn(II)-Schiff base carboxymethyl chitosan-salicylaldehyde 
complex) 
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In Escherichia coli, the cell wall 
consists of a thin peptidoglycan and an outer 
membrane composed of lipopolysaccharides 
and phospholipids. Lipopolysaccharides have 
hydrophilic and hydrophobic groups (Miller 
and Salama, 2018). The hydrophilic part can 
form hydrogen bonds with the carboxylate 
group of carboxymethyl chitosan so that it can 
penetrate the lipopolysaccharide layer of the 
outer membrane of the bacterial cell. 
Based on the data in Table 2 (the first 
experiment), from the results of the 
antibacterial activity test, it is known that 
carboxymethyl chitosan with a variation of 
3.25 mmol of monochloroacetic acid mol 
(CMC 1) has a stronger antibacterial activity 
than chitosan, this is due to the modification of 
chitosan to carboxymethyl chitosan which has 
a carboxylic group (-COOH). It can be seen 
that the mol variation of monochloroacetic acid 
is 4.23 mmol (CMC 2) and 4.91 mmol (CMC 
3), in general, there is a decrease in 
antibacterial activity due to an increase in 
molecular weight which makes it difficult for 
antibacterial compounds to diffuse (Yin et al, 
2012). The carboxylate (-COOH) group in 
carboxymethyl chitosan will undergo 
intermolecular and intramolecular interactions 
with the NH2 group to produce more NH3
+
 
groups than chitosan. The NH3
+
 group will 
interact ionically with the negative bacterial 
portion (Mourya et al., 2010).  
The description of antibacterial 
activity test data for the Schiff base 
carboxymethyl chitosan-benzaldehyde and 
Schiff base carboxymethyl chitosan-
salicylaldehyde is shown in Table 2 (second 
experiment). In general, the results of the 
antibacterial activity test showed that the clear 
zone was bigger against Escherichia coli than 
Staphylococcus aureus bacteria. This shows 
that the sample has a higher sensitivity to 
Escherichia coli bacteria than Staphylococcus 
aureus bacteria. In the carboxymethyl 
chitosan-benzaldehyde and Schiff base 
carboxymethyl chitosan-salicylaldehyde, 
besides having a carboxylate group it also has 
an imine group (>C=N-), which allows the 
formation of carboxylate ions and iminium 
ions. With the addition of the polar groups, the 
interaction with the lipopolysaccharide layer of 
the outer membrane of the bacterial cell 
becomes more effective. From the results of 
the antibacterial activity test in Table 2 
(second experiment), it is known that the 
Schiff carboxymethyl chitosan-salicylaldehyde 
base has stronger antibacterial activity than 
other samples, this is due to the presence of an 
imine group on the Schiff base. The imine 
group (>C=N-) has a lone pair on the nitrogen 
atom which can form a hydrogen bond with the 
active center of the cell. This interaction 
effectively disrupts the normal cell formation 
process (Nworie et al., 2016). In addition, the 
presence of -OH-substituted benzene in the 
Schiff carboxymethyl chitosan-salicylaldehyde 
base framework will increase the hydrogen 
bonding with the active center of the cell 
(Verlee et al., 2017). 
Table 2 (the third experiment) shows 
the test data for the antibacterial activity of the 
Mn(II) -base Schiff carboxymethyl chitosan-
salicylaldehyde complex. In general, the 
results of the antibacterial activity test showed 
that the clear zone was bigger against 
Escherichia coli than Staphylococcus aureus 
bacteria. From the test results, the antibacterial 
activity of the complex compound Mn(II) – 
Schiff base carboxymethyl chitosan-
salicylaldehyde has stronger antibacterial 
activity than other samples. This is because in 
a complex with a more stable structure, the 
metal bond to the ligand can increase the 
antibacterial activity of the Schiff base 
(Lemire, 2013). Chelate which is formed from 
Mn metal ions and basic ligands Schiff 
carboxymethyl chitosan-salicylaldehyde is 
polar, so it will easily interact with the surface 
of bacterial cells which is also polar, thus 
disrupting metabolism and growth of bacterial 
cells (Wang et al., 2005). 
 
4. CONCLUSION 
Mn(II)-Schiff base carboxymethyl 
chitosan-salicylaldehyde complex is a blackish 
brown solid with a yield of 59% (w / w). The 
Mn(II) complex-base Schiff carboxymethyl 
chitosan-salicylaldehyde has the greatest 
antibacterial activity compared to chitosan, 
carboxymethyl chitosan, Schiff base 
carboxymethyl chitosan-benzaldehyde and 
Schiff base carboxymethyl chitosan-
salicylaldehyde against Staphylococcus aureus 
and Escherichia coli. 
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